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ABSTRACT
Background: The relation between variation in interindividual lev-
els of energy expenditure and weight gain remains controversial.
Objective: To determine whether or not components of the energy
budget predict weight change, we conducted an international com-
parative study in 2 cohorts of women from sociocultural environ-
ments that give rise to the extremes of obesity prevalence.
Design: This was a prospective study with energy expenditure mea-
sured at baseline and weight measured annually for 3 y. Participants
included 149 women from rural Nigeria and 172 African American
women. The energy budget was determined by using respiratory gas
exchange and doubly labeled water. Main outcomes included total,
resting, and activity energy expenditure and physical activity level
(ie, total energy expenditure/resting energy expenditure); baseline
anthropometric measures; and annual weight change.
Results: Mean body mass index (in kg/m2) was 23 among the Nige-
rians and 31 among the African Americans; the prevalences of obesity
were 7% and 50%, respectively. After adjustment for body size, no
differences in mean activity energy expenditure or physical activity
level were observed between the 2 cohorts. In addition, in a mixed-
effects, random-coefficient model, interindividual variation in activ-
ity energy expenditure at baseline was unrelated to the subsequent
pattern of weight change.
Conclusions: These data suggest that interindividual levels of energy
expended during activity do not have a large influence on age-related
trends in adiposity. In addition, contrary to expectations, these data
suggest that mean activity energy expenditure does not vary substan-
tially between contemporary social groups with low and high preva-
lences of obesity. Am J Clin Nutr 2009;89:169–76.

INTRODUCTION

In weight-stable societies a combination of social cues and
biological stimuli, presumably working through hormones that
control satiety, are used to maintain near-perfect energy balance
overmanyyears.Over thepast50y,however,an increasingnumber
of industrialized societies have experienced substantial weight
gain with age (1, 2). Likewise, as populations in developing
countries migrate to urban centers and gain access to a mecha-
nized lifestyle and inexpensive energy sources, the prevalence of
obesity has begun to increase rapidly (1, 2). Why the normal
regulatory process controlling fat stores fails under modern living
conditions is not well understood. Age-related weight gain can
only result from a chronic excess of energy intake over expendi-

ture; however, in the absence of quantitative measures of the rel-
ative impact of either component, this observation is uninformative
about the underlying process. Unraveling the etiologic mechanism
that leads to obesity will therefore require robust estimates of the
relative contribution of intake, expenditure, and the regulation of
energy balance.

In the United States, minority women have experienced a high
burden of obesity in recent decades. Although the prevalence
appears to have leveled off since 2000, 45% of African American
women currently have a body mass index (BMI; in kg/m2) .30
(3). In contrast, ,7% of adult women in rural West Africa are
obese (4, 5). The environments in which these women live differ
dramatically on many dimensions, including both diet and
physical activity patterns, and the contrast between US and West
African women must include those factors that have driven
obesity upward.

It is commonly accepted that individuals living in developing
countries expend relatively high levels of energy in physical
activity, primarily through the requirements of manual occupa-
tions and other activities of daily living. It is further assumed that
this increased expenditure is responsible, at least in part, for the
lower rates of obesity in developing countries (2). In support of
this view, a cross-sectional study among the Pima Indians sug-
gested a much lower expenditure in physical activity among
those residing on the Gila River reservation in Arizona com-
pared than in those in the mountains of northern Mexico (6). On
the other hand, we recently reported no mean difference in
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activity energy expenditure (AEE) among women in Nigeria and
the United States (7).

Group-level comparisons can be complimented with an ex-
amination of AEE as a predictor of change in weight over time in
individuals. Objective measures of AEE have been used in a cohort
study of weight change in 2 populations (8, 9). A longitudinal study
among the Arizona Pima Indians found that AEE did not predict
weight gain, although low resting energy expenditure (REE) was
associated with a risk of increasing adiposity (8). In contrast, in
a study of 739 middle-aged adults in the United Kingdom, base-
line AEE, measured with heart rate monitoring, was found to be
inversely associated with changes in fat mass (FM), but not with
body weight, in the younger participants and was positively as-
sociated with weight gain in the older half of the sample (9). We
extend the knowledge base on this important question in this re-
port with data from the longitudinal phase of our study of AEE in
women in Nigeria and the United States.

SUBJECTS AND METHODS

Participants

The Department of Preventive Medicine and Epidemiology at
Loyola University School of Medicine and the University of
Ibadan (Nigeria) have collaborated on cross-cultural, population-
based research on blood pressure and related traits since the early
1990s (10, 11). The participants enrolled in the present study
were recruited from the existing database of the population
surveys in rural Nigeria and suburban Chicago. The protocol
was approved by the Institutional Review Board of Loyola
University School of Medicine and the Ethics Committee of
University College Hospital, University of Ibadan. Written in-
formed consent was obtained from all participants; all relevant
documents, including the informed consent form, were trans-
lated into Yoruba for the Nigerian site.

The study sites included 2 rural villages in southwest Nigeria,
Igbo-Ora and Idere, and the predominantly African American
communities of Maywood, a suburb adjacent to Chicago, and the
neighborhood of Austin, which is located just within the Western
boundary of Chicago. The primary occupation of the women in
Nigeria was market trading (43%); a substantial proportion of the
women also engaged in subsistence farming (21%). In contrast,
the women at the US site were employed in a wide variety of
occupations, the most common being certified nurse assistant
(8%), followed by customer service representative (6%); 51%
of the US cohort was unemployed at the time of the baseline
examination.

Women were asked to participate if they were between the ages
of 18 and 59 y, in general good health, and not pregnant or
lactating at the time of the baseline examination. Other exclusion
criteria included having plans to travel outside the study area
during the doubly labeled water (DLW) measurement period,
actively trying to lose weight, thyroid dysfunction, or orthopedic
or other conditions that restricted movement. A standardized
protocol that included measurement of total energy expenditure
(TEE) with the DLW method, REE by respiratory gas exchange,
and body composition by isotope dilution was used for both the
Nigerian and US cohorts. Additionally, anthropometric mea-
surements and medical history were collected.

The research teams used clinic space convenient to the par-
ticipant populations in both Nigeria (in Igbo-Ora) and the United
States (in Maywood). Participants arrived at the respective clinics
at ’0700 after an 8- to 10-h overnight fast. The baseline ex-
amination required a minimum of 5 h to complete, after which the
participants were provided with a light meal and instructions for
completing the DLW protocol. One woman from each site died
within 12 mo of enrollment (the Nigerian woman from cancer and
the US woman from cardiovascular disease); these women were
excluded from the analyses.

Total energy expenditure

Free-living TEE (MJ/d) was measured over a period of 10–14
d with the DLW technique, as previously described in detail (12,
13). A 10-d measurement period was used in Nigeria because of
the potentially more rapid water turnover in tropical regions (kD¼
0.1237), whereas a 14-d period was used in the United States (kD¼
0.0786). All EE data are expressed per day, taking the site-specific
measurement period length into account. Briefly, deuterium and
18O elimination rates were calculated by using the 2-point method
with the use of isotopic enrichment relative to baseline and the
time difference between the third postdose and final urine samples
(14). Participants provided a baseline urine sample and drank
a preweighed dose of DLW. The dose included 0.14 g deuterium
and 0.20 g 18O per kilogram of total body water. Urine samples
were then collected 2, 4, and 5 h after isotope administration. In
Nigeria, a midpoint spot urine sample was collected on day 5, and
an endpoint sample was collected on day 10 after the isotope
administration. In the United States, 2 urine samples were col-
lected on day 14—at the first void of the morning and again�2 h
later in the clinic. Regardless of site, participants returned to the
respective clinics on day 10 or 14, where they provided the final
urine sample and their weights were recorded. All urine samples
were analyzed for isotopic abundance at the Stable Isotope Core
Laboratory of the University of Wisconsin, Madison. Site-specific
food quotients (0.90 for Nigeria and 0.85 for the US) were used in
the calculation of TEE. These food quotients were based on un-
published 24-h dietary recall data indicating, on average, a high-
carbohydrate diet in Nigeria, comparable with that previously
reported for West Africa (15, 16) and with a typical Western diet in
the United States. TEE was expressed as MJ/d.

Because of the potential for season-specific variation in TEE
(17) and to assess reproducibility, we repeated the DLW pro-
cedure in 9 Nigerian women. The initial measurement was made
during the dry season (ie, January to March 2000), and the
second measurement 18 mo later during the rainy season (Au-
gust 2002).

Resting energy expenditure

After the collection of a baseline urine sample and the ad-
ministration of the isotopes, REE and resting respiratory quotient
(RQ) were by measured indirect calorimetry with a single in-
strument (DeltaTrac II; Viasys Medical Systems, Palm Springs,
CA) at both sites. Fasting 40-min measurements were completed
after the participant had lain at rest for 20–30 min. The DeltaTrac
II operates as an open-circuit canopy system with a paramagnetic
oxygen sensor, infrared carbon dioxide analyzer, and onboard
computer. Briefly, rates of oxygen consumption and carbon dioxide
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production were calculated and used to calculate REE by using
the modified equation of Weir (18). The last 20–30 min of data
were used to determine the average REE, which was expressed as
MJ/d. As previously reported (19), before each measurement, the
indirect calorimeter was calibrated by using a gas of known
concentration. Flow rate and carbon dioxide recovery were as-
sessed monthly by using alcohol burn tests; these measures in-
dicated that the unit operated within 2% of predicted values at all
times.

Activity energy expenditure

Activity EE (MJ/d) was calculated as follows: AEE ¼ (0.9 3

TEE – REE), where the term (0.9 3 TEE) represents the esti-
mated 10% of TEE expended as the thermic effect of food (20).
Physical activity level (PAL) was calculated as the ratio of TEE
to REE.

Anthropometric measurement and body composition

Height was measured, while the subjects were shoeless, to the
nearest 0.1 cm with a wall-mounted stadiometer (Seca Corp, San
Jose, CA). Weight was measured while the subjects were shoeless
and wearing light clothing to the nearest 0.1 kg with a calibrated
balance (Health-o-meter, Bridgeview, IL). Height and weight
measurements were used to calculate BMI as weight (in kg)/
height2 (in m). Body composition at the baseline examination
was measured by using the stable-isotope dilution method, as
previously described by Schoeller et al (21). Total body water
was calculated from both deuterium and 18O dilution spaces, and
the 2 values were averaged. Fat-free mass (FFM) was calculated
from total body water by using a constant hydration factor (0.73)
(22), and FM was calculated as the difference between body
weight and FFM.

Medical history and annual examinations

Participants were asked about their medical history (including
the presence of known chronic diseases), smoking and drinking
habits, usual occupation, time since last illness requiring time off
from work, and number of pregnancies. The women were asked
to return every 12 (62) mo for the 3 y after the baseline ex-
amination for measurement of body weight and questions about
pregnancy and their general health since the previous exami-
nation. To ensure quality control between the study sites, clinic
field staff were trained and certified by the project coordinator,
and all procedures used standardized forms, training, and cer-
tification, survey, and sampling methods.

Statistical analysis

EE data are presented both in absolute measures and after
correction for body size and composition. TEE, REE, and AEE
were adjusted for FFM and FM by using a regression method, as
described previously (23). Means and SDs were calculated for
all variables. Student’s t test was used to assess differences
between the 2 sites. The potential impact of loss to follow-up for
a subset of the cohort was examined by various sensitivity
analyses.

The association between adjusted TEE, as well as REE and
AEE, and weight change was investigated by using both a de-

scriptive and a model-based approach. For the descriptive ap-
proach, the rate of weight change per year was estimated by
regressing weight (in kg) on time for each individual with �3
weight determinations. Although 2 weight measurements provide
enough information to estimate the slope, with�3 measurements
it is possible to also estimate the SE of the slopes. The resulting
slopes were then plotted against adjusted TEE (REE and AEE),
and the association was tested by using simple linear regression.

This descriptive approach was naturally extended by a multi-
level analysis that involved mixed-effects, random-coefficient
models. Briefly, weight (in kg) at each examination is regressed
on time (in y) from the entry date (Level 1). The next stage (Level
2) models the potential dependence of the individual baseline
weight (intercept from LEVEL 1) and rate of weight change
(slope from Level 1) as a function of other covariates. Precisely,
the multilevel model for adjusted AEE was as follows:

Level 1: Weightij ¼ b0i 1 b1iTij 1 eij ð1Þ

Level 2: b0i ¼ a 1 a1Base weighti 1 a2Age1 1 a3AEE

1 a4Sitei 1 n0i

ð2Þ

b1i ¼ c0 1 c1AEE 1 c2Sitei 1 n1i ð3Þ

where i ¼ 1,2,. . .N, and j ¼ 1,2, . . . ni.
Thus, the effect of AEE on weight change per year is measured

by the interaction coefficient c1, and the average effect of AEE
on weight is estimated by a3. Models for REE and TEE were
also fitted. The advantages of this multilevel approach include
the fact that all available information, even incomplete data,
could be used for analysis, and both within- and between-person
variability in weight change could be taken into account, as
could potential confounders, such as age and baseline weight. In
addition, we applied a random-effects pattern-mixture model to
examine the influence of missing data patterns on weight change
estimates (24). All analyses were carried out by using the sta-
tistical package STATA, version 10.0 (Stata Corp, College Sta-
tion, TX).

RESULTS

One hundred forty-nine women were enrolled in Nigeria and
172 in the United States. Subject characteristics at baseline are
presented in Table 1. The Nigerian women weighed sub-
stantially less than their US counterparts and had lower BMI,
FFM, and FM (all P , 0.001). Seven percent of the Nigerian
and 50% of the US women were obese, ie, BMI � 30. Although
much leaner on average than the US cohort, the Nigerian women
were not suffering from calorie insufficiency because mean body
fat was 28.9 6 7.6% (range: 12.3–46.0%). Absolute body
weight remained significantly different between the cohorts
during the 3 y of follow-up. The annual change in body weight
was, however, comparable in the 2 cohorts (means of 0.61 and
0.52 kg/y in Nigerian and US women, respectively).

Ninety-five percent of the Nigerian (n ¼ 143) and 75% of the
US women (n ¼ 130) completed a scheduled follow-up exam-
ination during which weight was measured. Sixty-six percent of
the Nigerian and 49% of the US participants completed all 3
follow-up examinations. Among completers and noncompleters,
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only baseline age among the Nigerians was significantly dif-
ferent. As noted below, sensitivity analyses indicated that dif-
ferential loss to follow-up was unlikely to have influenced the
results.

To correct for the significant differences in body size and
composition, all EE data were adjusted for FFM and FM by using
a regression-based adjustment (age was not a significant deter-
minant of any EE variable and was omitted from all adjustments).
Unadjusted TEE and REE were both lower in the Nigerian cohort
(both P , 0.05), although adjusted TEE and REE were higher
(P , 0.05). Potential explanations for the difference in adjusted
REE between the 2 cohorts are described in detail elsewhere
(7). In contrast with TEE and REE, neither adjusted AEE nor
PAL differed between groups. For descriptive purposes the par-
ticipants were further classified per the categories for PAL as
defined by the Institute of Medicine: sedentary (PAL , 1.4), low
active (PAL � 1.4 to ,1.6), active (PAL � 1.6 to ,1.9), or very
active (PAL � 1.9) (25). The distributions were essentially the
same in both groups, with ’50% of participants being classified
as active and another 23% as very active (Figure 1).

The correlation between the replicate TEE measurements in
the subset of participants in the study of seasonal variation was
0.80 (Table 2). The mean CV of within-person variation in TEE
was 3.9% and in AEE was 10.7%, which suggested that that EE
measurements by DLW were reproducible and the season of
measurement did not likely impact EE levels of the Nigerian
cohort. In neither cohort was season of measurement associated
with TEE or AEE levels; we therefore did not further correct for
the time of year when the data were collected in either cohort.
For the initial analyses, participants were clustered into 3 age
groups, ie, .25, 25–44, and �45 y, to investigate whether age
was an independent predictor of weight change. No effect was
found; therefore, all age groups within sites were combined for
further analyses and age was included as a continuous variable

in all analyses. One Nigerian participant was omitted from the
regression-based analyses because the baseline exam date was
missing, which yielded a total sample size of 320 for all weight
change analyses.

The descriptive approach for assessing the association between
weight change and EE variables determination of the slope of
weight change over time for each participant. There was sub-
stantial variability in the degree of weight change in both groups,
including both positive and negative changes. Even though the
mean change in weight did not differ between individuals in the 2
study samples, there were much wider absolute swings in weight
in the United States (ratio of the variances for weight change ¼
0.6, Nigeria compared with the United States).

The test of the primary hypothesis is presented graphically in
Figure 2. As is apparent, there were no significant associations
between weight change and AEE at baseline, adjusted for FFM
and FM, in either the Nigerian or US cohort. Similarly, there
also was no association between weight change and baseline-
adjusted TEE or REE in either cohort. We additionally analyzed
the association between weight change and EE using both maxi-
mum weight gain (ie, the biggest gain in weight for an individual)
and the maximum absolute change in weight per participant. In
neither of these additional analyses were any associations ob-
served for AEE, TEE, or REE.

TABLE 1

Participant characteristics by site1

Nigeria United States P2

Age (y) 31.9 6 11.63 34.6 6 10.6 ,0.05

BMI (kg/m2) 23.1 6 5.0 31.0 6 7.7 ,0.01

Fat-free mass (kg) 40.38 6 5.34 48.88 6 8.48 ,0.01

Fat mass (kg) 17.90 6 8.81 35.20 6 15.29 ,0.01

Total EE (MJ/d) 9.49 6 1.69 10.16 6 1.81 ,0.01

Resting EE (MJ/d) 5.39 6 0.67 5.82 6 0.87 ,0.01

Activity EE (MJ/d) 3.15 6 1.31 3.32 6 1.14 0.14

Adjusted total EE (MJ/d)4 9.90 6 1.41 9.37 6 1.18 ,0.01

Adjusted resting EE (MJ/d)4 5.74 6 0.43 5.47 6 0.52 ,0.01

Adjusted activity EE (MJ/d)4 3.37 6 1.30 3.17 6 1.06 0.28

Physical activity level5 1.77 6 0.27 1.75 6 0.20 0.49

Weight change (kg/y)6 0.61 6 1.6 0.52 6 2.7 0.75

1 Total n ¼ 321 (149 Nigerian and 172 US women). EE, energy expen-

diture.
2 Comparison of mean values between the 2 cohorts (Student’s t test).
3 Mean 6 SD (all such values).
4 Corrected for fat-free mass and fat mass by using regression-based

adjustment.
5 Physical activity level ¼ total EE/resting EE.
6 Estimates of weight change obtained with a descriptive approach, ie,

slope of weight over time; only individuals with �3 weight determinations

were used for the slope estimation (n ¼ 107 Nigerian and 127 US women).

FIGURE 1. Distribution of physical activity levels (total energy expenditure/
resting energy expenditure) among 149 Nigerian (black bars) and 172 African
American (gray bars) women. Sedentary, ,1.40; low active, �1.40 to ,1.60;
active, �1.60 to ,1.90; very active, �1.90.

TABLE 2

Replicate total energy expenditure measurements in Nigerian women

Subject

Measurement 1

(March/April 2000)

Measurement 2

(October 2001)

Intraindividual

CV

MJ/d MJ/d %

1 9.37 8.55 6.5

2 8.79 9.28 3.8

3 10.13 10.08 0.3

4 11.04 10.59 3.0

5 7.46 7.54 0.8

6 9.92 8.85 8.0

7 10.57 9.98 4.0

8 9.67 10.86 8.2

9 8.60 8.50 0.8

Mean 9.50 9.36 3.9
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The mixed-effects random-coefficient models were used to
extend the analysis of the EE-weight change association and
allow the use of all data for all participants while accounting for
variability and potential confounders. In the reduced model,
weight change was predicted only by time from baseline, after
control for baseline weight; age was not significant (Table 3). On
average, the participants gained 0.55 kg/y, both cohorts com-
bined. The degree to which the prediction of weight change
could be improved by the addition of measures of EE was then
determined. In Table 4, we present the results for the mixed-
effects, random-coefficient model for adjusted AEE. In model 1,
only time was a significant predictor of weight change; addition
of interaction terms for time-by-AEE and time-by-site yielded
only baseline weight as predictive of weight change. The co-
efficient for time in model 1, 0.55 kg/y, was the same as that
achieved with the reduced model, which indicated that adjusted
AEE added no information to the prediction of weight change in
these cohorts. Results from the mixed-effects, random-coefficient
models for adjusted TEE and REE were consistent with the re-
duced model (data not shown). As presented in Table 5, a non-
significant linear increase in both adjusted AEE and unadjusted
PAL was observed, moving from the lowest tertile of weight
change to the highest, which further confirmed that baseline EE
was unassociated with risk of weight gain.

We explored the potential impact of bias resulting from in-
complete follow-up at 2 levels. There was no meaningful asso-

ciation between EE and weight change for those participants who
completed all annual follow-up examinations compared with
those completing ,3. In addition, sensitivity analyses that ran-
domly assigned persons missing any follow-up exam to either
high levels of weight gain (ie, 90th percentile) or weight loss
(10th percentile) had no effect on the outcome. Likewise, pro-
pensity score analysis incorporating baseline information was
used to adjust for possible selection bias. Briefly, the probability
(propensity) of having �2 weight determinations versus weight
measured at only baseline was estimated by using multivariate
logistic regression with age, BMI, and site as covariates. Sub-
sequently, the propensity score was entered as an additional
covariate in the multilevel models and yielded results similar to
the outcome before adjustment.

DISCUSSION

We showed that 3-y weight change was not associated with
baseline levels of adjusted TEE, REE, or AEE in either of 2
cohorts of women living in very different sociocultural envi-
ronments. Likewise, mean activity levels were similar in the 2
groups despite widely divergent rates of overweight and obesity.
On the basis of a small subsample of participants, activity level
was observed to be a reasonably stable trait (within-person
correlation¼ 0.8) and likely persisted at similar levels during the
follow-up interval. These data therefore suggest that habitual
patterns of energy expenditure within the range of variation
observed in the general population do not have a large impact on
short-term weight change. It remains possible, of course, that
more subtle effects went undetected. If this were true, one could
nonetheless conclude that AEE plays a very limited role in age-
related weight gain.

FIGURE 2. Scatter plot of weight change versus activity energy expenditure,
adjusted for body composition, among 107 Nigerian and 127 African American
women. Women with �3 weight determinations were included in this
analysis.

TABLE 3

Reduced regression model predicting weight change over time1

Coefficient2 95% CI P

Baseline weight (kg) 0.991 0.979, 1.002 ,0.001

Age (y) 20.005 20.027, 0.017 0.717

Time (y) 0.546 0.261, 0.830 ,0.001

1 n ¼ 148 Nigerian and 172 US women with a total of 987 weight

determinations. Reduced model log likelihood ratio ¼ 22600.99.
2 Estimated regression coefficients of a mixed-effects, random-coefficient

model of weight on time adjusted for age and baseline weight, with no interac-

tion terms.

TABLE 4

Mixed-effects, random-coefficient model of weight change as a function of

activity energy expenditure (AEE)1

Coefficient 95% CI P

Model 1: log likelihood

ratio ¼ 22601.402

Baseline weight (kg) 0.990 0.976, 1.004 ,0.001

Age (y) 20.006 20.027, 0.016 0.73

Time (y) 0.545 0.266, 0.824 ,0.001

AEE (MJ/d) 20.072 20.287, 0.143 0.51

Site 0.073 20.523, 0.668 0.81

Model 2: log likelihood

ratio ¼ 22599.003

Baseline weight (kg) 0.990 0.976, 1.004 ,0.001

Age (y) 20.005 20.027, 0.017 0.65

Time (y) 20.244 21.143, 0.655 0.59

AEE (MJ/d) 20.136 20.361, 0.090 0.24

Site 0.041 20.578, 0.661 0.90

Time 3 AEE 0.228 20.017, 0.472 0.07

Time 3 site 0.107 20.464, 0.678 0.71

1 n ¼ 148 Nigerian and 172 US women with a total of 987 weight

determinations. Likelihood ratio test statistic for a comparison of model 1

and model 2: 4.73 (P ¼ 0.09).
2 Estimated regression coefficients of model using random time coef-

ficients and random intercepts and including AEE, age, and site as fixed

effects.
3 Estimated regression coefficients of model using random time coef-

ficients and random intercepts and including AEE, age, and site as fixed

effects and including interaction terms for time-by-AEE and time-by-site.
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The relative importance of AEE, in contrast with energy intake,
in the pathogenesis of obesity has been debated since initiation
of this research field. Theoretical analyses have concluded that
AEE should be at least as important as energy intake (2, 26, 27).
Reviews of the extant data on the relation between self-reported
physical activity and weight change have reached inconsistent
conclusions (28–30). Wareham et al argued that the majority of
studies in which questionnaires were used suggest that only
a weak association exists between low levels of activity and
future weight gain (28). Earlier reviews advance evidence that
relatively high levels of self-reported physical activity (eg, an
increment in energy expenditure of 0.9–1.2 MJ/d or an average
PAL of 1.8) are likely to prevent weight gain. As noted, how-
ever, questionnaire-based EE and physical activity data are
poorly correlated with EE, and the association to weight is
subject to residual confounding by other aspects of lifestyle
(31). In contrast with the studies in which physical activity was
self-reported, an inverse correlation between AEE and weight
change was not found in prospective analyses based on objective
measurement (8, 9).

REE accounts for ’60% of total EE; however, it is tightly
regulated and most interindividual variation is explained by body
size and composition. Tataranni et al (8) observed a significant
inverse association between REE and weight gain in the cohort
of Pima Indians. We found no association between REE and
weight change in either of the cohorts we report here. On the
other hand, in a separate prior study involving a larger sample of
both men and women in Nigeria (n ¼ 744), we did observe
a small but significant positive association (ie, not negative, as
found among the Pima Indians) (32). It is possible that the re-
lation between EE and risk of weight gain varies with the av-
erage level of EE or other causal risk conditions, such as dietary
patterns. On the other hand, these contradictory findings may
reflect only sampling variation.

Major shifts in physical activity patterns accompanying social
and economic development, predominantly in occupational and
daily living activities have occurred with modernization (2, 33,
34). At the same time, survey data suggest that in recent decades
leisure-time activity is increasing in developed countries (35,
36). The contrast between wealthy and poor societies should
provide insight into the broad social trends in EE. Somewhat
surprisingly, a detailed review of the physical activity data does
not support the widely held belief that populations in developing
countries expend more energy than do those in developed
countries (37). Our data speak directly to the question of tem-
poral trends by demonstrating that there is currently no large
gradient in EE between villages in Africa and a middle-class

American community. Needless to say, the specific forms of
activity varied between the groups. In particular, the main reason
why women in the United States were not in the sedentary range
of expenditure was the increased energetic cost of movement.
Adjustment for body size, such as PAL, may in fact not fully
capture the underlying factor that EE is attempting to measure.
PAL should more accurately be termed ‘‘physical activity en-
ergy expenditure level’’ because the relation between physical
activity, physical AEE, and PAL is confounded by body weight.
An individual may reach high levels of PAL in more than one
way: eg, they can have a small body size with low energy costs
for an activity and spend many minutes in various activities or
have a large body with high energy costs for an activity and
spend little time in physical activity (38). Because many in-
vestigators equate physical activity with time spent being active,
the term PAL is often misinterpreted.

Some surveys have documented rural-urban differences in
physical activity that are correlated with relative weight. Pima
Indians living on a federal reservation in Arizona were shown to
have significantly lower AEE, as measured by DLW, and higher
body weight than a related population living in rural Mexico (6).
A recent study from Tanzania indicated that rural women and
men were leaner than their urban counterparts and reported
much higher levels of activity by questionnaire (39). The Tan-
zanian women reported twice the level of EE that we observed
in Nigeria, however (7.3 compared with 3.4 MJ/d), suggesting
that either the questionnaire data were not comparable with our
measurement with DLW or the physical burden of work activi-
ties was very different. At the very least, the extant data support
the conclusion that elevated AEE is not a prerequisite for
avoidance of weight gain. It is important to note, however, that
this statement applies to AEE, and AEE is not synonymous with
many perceptions of physical activity, particularly in compar-
isons of groups with different body weights. As documented
(40), lean and obese individuals with similar AEE values may
have very different time allocations for physical activities; the
obese spend more time sitting or lying down than do the lean.
Future studies of AEE should also include measures of time
allocations of activities to dissect these contrasting aspects of
physical activity.

Although the present study was prospective in design, it had
limitations. Energy intake was not measured, because it is not
technically feasible in free-living individuals. Absence of intake
data, of course, does not prevent an unbiased estimation of the
independent role of expenditure. Follow-up was near complete
among the Nigerian participants (95%) and provides an unbiased
estimate of the effect. However, attrition was considerably higher

TABLE 5

Activity energy expenditure (AEE) and physical activity level (PAL) by tertile of weight change1

Tertiles of weight change (kg/y)

Adjusted AEE (MJ/d) PAL (TEE/REE)

Nigeria United States Nigeria United States

,20.18 3.26 6 1.28 3.07 6 0.99 1.73 6 0.28 1.73 6 0.20

20.18 to 1.27 3.36 6 1.05 2.93 6 1.27 1.78 6 0.23 1.69 6 0.26

.1.27 3.52 6 1.64 3.30 6 0.85 1.81 6 0.35 1.78 6 0.16

1 All values are mean 6 SD; n ¼ 148 Nigerian and 172 US women. TEE, total energy expenditure; REE, resting

energy expenditure. All comparisons across tertiles of weight change within site were nonsignifiicant (ANOVA).
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at the US site (ie, 25%). There were no apparent significant
differences in attributes of interest at baseline in completers and
noncompleters, with the exception of age in the Nigerians (data
not shown). Furthermore, it should be noted that the potential for
bias from differential dropout depends on systematic differences
in the within-person relation of AEE with weight change. Sen-
sitivity analyses showed that even large differences in the AEE-
weight change relation in the noncompleters would not have
introduced that bias. It would also have strengthened the study if
we had been able to replicate the TEE measurements, both in
a larger subsample to provide a more stable estimate of the
intraindividual variation in TEE and in the cohort as a whole at
the end of the 3-y follow-up to examine the impact of change in
AEE (41, 42). Finally, over this time period, the slope of weight
change was the same in the 2 populations. If that pattern per-
sisted over a lifetime, the Nigerian population would eventually
include many individuals who were obese. Our ongoing surveys
of 8000 adults in these same communities rule out this possi-
bility unless we inadvertently detected an extremely rapid
temporal shift or a specific age-related phenomenon. Neither of
these factors, however, could account for the absence of a within-
cohort relation between AEE and weight change.

Controlling the widespread tendency to gain significant
amounts of weight with age is clearly a central public health
challenge in countries all over the world. Little doubt exists that
increased EE, particularly that expended during physical activity,
is important for improving physical fitness levels and cardio-
vascular health (43, 44). In addition, it has been shown that
objectively measured AEE, by the DLW technique, is strongly
associated with a lower risk of mortality in older adults (45).
However, the role of small variations in AEE as part of daily
activities in a public health strategy to prevent obesity remains
very much in doubt. In defining public policy, it will be crucial
to discriminate between the known health benefits of physical
activity and the presumed effect on weight change.
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